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OPTICAL PROFILE READER, PARTICULARLY
FOR KEY DUPLICATING MACHINE

FIELD OF THE INVENTION 5

This invention relates to an optical profile reader,
particularly for a key duplicating machine.

BACKGROUND OF THE INVENTION

Known optical readers are used for example in robot-
ics for controlling the shape and dimensions of work-
pieces. These are devices of undoubted reliability but
they are also very complicated and can find practical
use only in highly sophisticated equipment, their cost ;s
being so high that they could not be conveniently used
in other sectors such as in key duplicating machines. In
this latter sector the profile of a key is in fact generally
read mechanically by sliding along the profile of the
original key to be duplicated a feeler mechanically con- 20
nected to a cutter which duplicates this profile on a
blank key to be cut.

One drawback of this known reading system is that
the movement of the feeler in contact with the key
profile results in mutual wear. 25

The wear undergone by the feeler results in a loss of
reproductive accuracy, while the wear undergone by
the original key can mean that with the passing of time
it is no longer possible to use it to cut further keys able

to operate the respective lock, and that finally the key 30
itself 1s of no further use.

A further drawback of a mechanical key reader is
that the data which is read must be used directly and
immediately, and cannot be memorized. It i1s therefore
not possible to delay the use of the data, and in particu- 3
lar where a certain number of copies are to be obtained
from a given original 1t is necessary to repeat the read-
ing this number of times, with all the aforesaid draw-
backs which arise which each reading.

SUMMARY OF THE INVENTION

An object of the invention is to provide an optical
reader for profiles in general, and particularly for key
duplicating machines, which is of reliable operation, 1s
of low cost and can be constructed using components
easily available commercially.

A further object of the invention is to provide an
optical reader which allows the read information to be
preserved for subsequent and repeated use. 50

These and further objects which will be apparent
from the description given hereinafter are attained ac-
cording to the invention by an optical profile reader,
particularly for key duplicating machines.

BRIEF DESCRIPTION OF THE DRAWINGS  °°

A preferred embodiment of the present invention 1s
described hereinafter with reference to the accompany-
ing drawings in which:

FIG. 1 a plan schematic view of a key duplicating ¢p
machine provided with the optical reader according to
the invention.

FIG. 2 shows in side detailed view the duplicating
machine according to the invention.

F1G. 3 shows the block diagram of the optical reader, 65
and

FIG. 4 is a schematic view showing the principle on
which the operation of said reader 1s based.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The optical reader according to the invention is ap-
plied to a key duplicating machine comprising a base 1
on which there 1s disposed a conventional cross table 2,
ie a longitudinal slide 3 (with reference to the longitudi-
nal axis of the keys) mobile along a dovetail 4 provided
in said base 1 and driven by an electrical stepping motor
S.

The longitudinal slide 3 is also provided with a dove-
tail guide along which an overlying transverse shide 7

" runs, driven by another electrical stepping motor 8.

Two clamps 9 and 10 of conventional type are ap-
plied to the slide 7 for clamping an original key 11 to be
duplicated and a blank key 12 to be cut.

The optical reader according to the invention, indi-
cated overall by 13, and a cutter 14 rotated by an elec-
tric motor 15 are fixed to the base 1 spaced apart by the
distance between the reference planes of the two clamps
9 and 10 respectively, and facing these latter.

The optical reader 13 comprises:

a photoemitter 16 consisting for example of a LED
and disposed above the plane in which the original key
11 i1s clamped 1n the clamp 9,

a first lens 17 also disposed above said clamping plane
for the purpose of collimating the luminous rays origi-
nating from the LED 16,

a second lens 18 disposed below said clamping plane
for the purpose of causing the collimated beam to con-
verge, and

a screen 19 disposed at a distance from said lens 18
greater than double focal length thereof. The screen 19
is contructed of a matenal opaque to light rays, such as
metal, and comprises 2 small hole 20 beyond which
there i1s positioned a photodetector 21, such as a photo-
diode or phototransistor.

The photodetector 21 1s connected to a preamplifier
22, the output of which is connected to a microproces-
sor 23 and to an amplifier 24.

The output of the amplifier 24 1s connected to a
threshold discriminator circuit 25 provided with two
outputs which control the rotation of the electric motor
8 in the two different directions.

The threshold discriminator 25 is set to discriminate a
signal level corresponding to 50% or the maximum
illumination of the photodetector 21 by the photoemit-
ter 16. As in practice the threshold discriminator circuit
25 has an inherent sensitivity, it will provide a signal at
one of the two outputs when the output signal from the
photodetector 21 is less by a certain sensitivity thresh-
old than that corresponding to 50% of its maximum
illumination, and will provide a signal at the other out-
put when the signal from the photodetector 21 1s greater
by said threshold sensitivity than that corresponding to
50% of its maximum illumination. The illumination
conditions of the photodetector 21 at the nomina!l illum-
ination value and at the two extreme values which de-
termine the observation *window” are illustrated sche-
matically by the reference numerals 26,26" and 26" in
FIG. 4.

The microprocessor 23 controls the power to the
photoemitter 16 and also controls the entire operation
of the apparatus, and in particular ensures that only
after the motor 8 has halted in the correct position does
the motor § advance through one step.

The operation of the aforesaid apparatus is as follows:
after placing the original key 11 in the clamp 9 and the
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blank key to be cut 10 in the clamp 12, the machine 1s
powered.

This involves an initial setting operation, effected
before the key 11 1s interposed between the photoemit-
ter 16 and photodetector 21. Under these conditions the
microprocessor 23 regulates the power to the photo-
emitter 16 such that the output voltage of the preampli-
fier 22 attains a predetermined value. At this point the
motor 8 is automatically operated to advance the slide 4
stepwise so that the original key 11 moves towards the
optical reader 13.

This movement continues until the initial portion of
the profile of the key 11 begins to interfere with the path
of the light beam between the two lenses 17 and 18.
Following this interference the quantity of light which
strikes the photodetector 21 begins to fall below the
initial recorded wvalue. The key 11 advances as the
motor 8 continues to be controlled by the threshold
discriminator 25 until the illumination of the photode-
tector 21 is such that the output signal of the amphfier
24 falls within the observation window 26°,26", which
signifies that the key profile falls approximately along
the middle of the hole 20. Under these conditions the
output signal of the threshold discriminator circuit 25 1s
interrupted, the motor 8 stops and the pin of the longitu-
dinal motor § 1s caused to advance.

The advancement of the key 11 relative to the optical
reader 13 due to this advancing movement of the motor
S generally results in a different degree of illumination
of the photodetector 21, to produce an output signal
from the amplifier 24 which causes the motor 8 to oper-
ate in the sense of moving the key 11 towards or away
from the reader, so as to return the output signal of the
amplifier 24 to within the window of the threshold
discriminator 235.

In practice the original key 11 oscillates about the
position in which 1t obscures 50% of the hole 20, the
amplitude of this oscillation being related to the sensi-
tivity of the threshold discriminator circuit 25, whereas
the movements depend on the *'step’ of the motor 8. In
addition as t his oscillation occurs the motor § 1s also
operated. to move in that direction which causes the
key 11 to move between the two lenses 17 and 18 of the
optical reader 13. The combined effect of these two
movements is to move the original key 11 relative to the
hole 20. in accordance with its profile.

As the distance between the light beam of the optical
reader 13 and the operating *‘line” of the cutter is fixed
and equal to the distance between the two keys 11 and
12, the movements of the shide 7 along the profile of the
oniginal key 11 results in the formation of a substantially
identical profile on the blank key 12 by the cutter 14.

In this manner, using the optical reader according to
the invention an original key can be duplicated without
any mutual rubbing contact being required between the
key and a feeler, and consequently without either un-
dergoing wear. In addition the succession of commands
to the two motors § and 8 can be memorized together
with a corresponding reference code for that particular
key, so that if further duplications are required it 1s a
simple matter to feed said code in and obtain a copy of
the onginal key without the need for said onginal key to
be present.

This is achieved by means of a very simple device
which can be constructed with parts easily available
commercially, is of low cost and at the same time is of
high sensitivity and operating precision.
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Although the present invention has been shown and
described with respect to a preferred embodiment
thereof, it should be understood by those skilled 1n the
art that other various changes in the form and detail
thereof may be made without departing from the spirit
and scope of this invention.

I claim:

1. An optical profile reader for key duplicating ma-
chines, comprising:

(a) a light ray emitting photoemitter,

(b) a photodetector facing said photoemitter,

(c) an optical system interposed between said photo-
emitter and said photodetector and comprising at
least two lenses, a first lens, located close to said
photoemitter, arranged to collimate the hght rays
emitted by said photoemitter, and a second lens
located close to said photodetector, arranged to
converge said collimated light rays onto a surface
interposed between said second lens and said pho-
todetector,

(d) a support for a three-dimensional profile to be
read, said profile being placed in the path of said
collimated light rays,

(e) an electronic circuit controlled by an output signal
generated by said photodetector in response to the
illumination level of said photodetector, said elec-
tronic circuit comprising a threshold discriminator
set at a value between the values corresponding to
the maximum illumination state and the minimum
illumination state of said photodetector, and

(f) mechanical means for causing said three-dimen-
sional profile to move iIn the plane orthogonal to
said collimated light rays along two orthogonal
directions, said mechanical means being controtlled
by said threshold discriminator circuit.

2. An optical reader as claimed in claim 1, wherein
the surface interposed between said second lens and said
photodetector is disposed at a distance from said second
lens which is greater than double its focal length, said
photodetector being situated in a position facing an
opening in said surface.

3. An optical reader as claimed in claim 1, wherein
satd electronic circuit comprises a preamplifier fol-
lowed by an amplifier for controlling the threshold

discriminator circuit.

4. An optical reader as claimed in claim 3, wherein
said electronic circuit further comprises a microproces-
sor which acts automatically on a power supply to said
photoemitter in order to adjust the output signal of said
preamplifier corresponding to the maximum illumina-
tion of said photodetector to a predetermined set value.

§. An optical reader as claimed in claim 1, wherein
said threshold discriminator is set at a value correspond-
ing to 50% of the maximum illumination of said photo-
detector.

6. An optical reader as claimed in claim 1, wherein
said threshold discnminator 1s provided with two out-
puts which control, in two opposite directions, said
mechanical means for moving said three-dimensional
profile.

7. A key duplicating machine using an optical reader
comprising:

(a) a cutter;

(b) an optical reader having an output connected to a

threshold discriminator circuit;

(c) a clamp for a blank key to be cut and facing said

cutter;
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(d) a clamp for an original key to be duplicated and
facing said optical reader:

(e) a first stepping motor controlled in two directions
of rotation by two outputs of the threshold discrim-
mator circunt and arranged to cause said original
key to be duplicated by undergoing relative move-
ments orthogonal to the longitudinal axis of said
original key and the blank key; and
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(f) a second stepping motor for causing the original
key and the blank key to undergo said relative
movements parallel to the longitudinal axis of said
original key, whereby, the operation of said motor
1s condinioned on said blank key having attained the
correct position relative to said optical reader as
required for the reading of the profile of said blank
key.

* * » * X
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